. Laying the groundwork for evidence-based public health: Why some local health departments use more evidence-based decision making practices than others. American Journal of Public Health, 105(S2), S189-S197, doi: 10.2105.AJPH.2014.302306 We examined variation in the use of evidence-based decision-making (EBDM) practices across local health departments (LHDs) in the United States and the extent to which this variation was predicted by resources, personnel, and governance. We analyzed data from the National Association of County and City Health Officials Profile of Local Health Departments, the Association of State and Territorial Health Officials State Health Departments Profile, and the US Census using 2-level multilevel regression models. We found more workforce predictors than resource predictors. Thus, although resources are related to LHDs' use of EBDM practices, the way resources are used (e.g., the types and qualifications of personnel hired) may be more important.
Adopting evidence-based approaches allows LHDs, the local "backbone of our public health system," 1 (p27) to effectively use their limited resources to improve the health of the population. These population health approaches focus on lowering disease risk for the entire population and reducing inequities that affect disease patterns. They are a more effective, less costly means to change disease patterns than providing personal health care. [3] [4] [5] [6] [7] [8] Researchers have differed, however, in how they define evidence-based public health (EBPH). 5, 7, 9, 10 Our work relies on the specific definition given by Brownson et al. 7 and we refer to this process as evidence-based decision-making (EBDM). The key processes of EBDM are making decisions using the best available scientific evidence, systematically using data and information systems, applying program-planning frameworks (that often have a foundation in behavioral science theory), engaging the community in assessment and decision making, conducting sound evaluation, and disseminating what is learned. 7(p177) Little information exists about the types of and frequency with which LHDs use EBDM practices, although many researchers and practitioners have written about barriers to and facilitators of EBDM. 6, [11] [12] [13] [14] [15] [16] Increasing the extent to which LHDs practice EBDM requires first assessing the extent to which LHDs currently use EBDM practices and then identifying modifiable factors that predict their use. Two frameworks suggest factors that may be related to LHDs' use of EDBM practices. 17, 18 Handler et al. 17 argued that structural capacity (including information, organizational, physical, human, and fiscal resources) must be in place for the functions of the public health system to be achieved. Meyer et al. 18 argued that the organizational capacity of the public health system includes fiscal resources, workforce and human resources, physical infrastructure, interorganizational relations, informational resources, system boundaries and size, governance and decision-making structure, and organizational culture. 18 We used these frameworks to identify workforce, fiscal, and governance factors at the state and local level that may predict variation in the use of EBDM across LHDs.
Although investments in public health are associated with decreased mortality 19, 20 and improved performance across the 10 essential public health services, 21 estimates have suggested that public health spending makes up only 3% of national health and medical care spending. 22 Moreover, LHD funding continues to decrease. From 2009 to 2010, 44% of LHDs faced budget cuts, and 18% reduced services. 23 Thus, even when LHDs are motivated to use EBDM practices, they may not have the financial resources to do so. Both time and money have been reported as barriers to EBDM use. [5] [6] [7] 11, 12 We therefore hypothesized that funding for local public health would be associated positively with EBDM practices because of the effect of funding on organizational capacity and outcomes and that budget cuts would be negatively associated with EBDM practices.
Fewer than 1 in 5 LHD workers are trained in public health 24 ; few LHD top executives have formal public health training 25 or state-required professional credentialing. 26 Previous public health services and systems research has found mixed effects of directors' qualifications on LHD performance, essential public health services, 27, 28 the breadth of different LHD services provided, 29 and reducing health disparities. 30 Although medicine and nursing have had longer histories of evidence-based training than public health, evidence-based practice in these 2 disciplines tends to be clinical, rather than population based, in its focus. 7, 10, 31 Therefore, we hypothesized that we would find a positive relationship between LHDs with public healthtrained leaders and EBDM but no relationship between nurse-led or physician-led LHDs and EBDM.
Within public health, some professions have had more exposure to the processes involved in EBDM than others. 5 For example, trained epidemiologists use surveillance data to identify community health problems and risk factors. 32, 33 Preparedness coordinators use syndromic surveillance for the early detection of outbreaks. Trained health educators are skilled in community assessment and the development, adaptation, implementation, and evaluation of evidence-based interventions. 34 Not all LHDs have access to personnel with training in these evidence-based approaches. 5, 7, 10, 11, 35, 36 We hypothesized that LHDs that employed epidemiologists, health educators, and emergency preparedness staff would use more EBDM practices. Because many nutritionists work in clinical roles, we did not expect an association. We also hypothesized that other workforce factors, including the per capita workforce and staff attendance at health impact assessment training, would be positively associated with the number of EBDM practices used.
In terms of the local-state governance relationship, we hypothesized that LHDs in states with centralized public health systems (in which LHDs are under the authority of state government), compared with those in decentralized systems (in which LHDs are under the authority of local government), 37 would use more EBDM practices because of the authority of the states to set and enforce local standards. [38] [39] [40] Although the LHD performance research on the impact of boards of health is mixed, 41 we hypothesized that a local board of health could influence the use of EBDM by pushing for the use of evidence to increase LHD effectiveness and efficiency 42 or to respond to local needs through the use of epidemiology, community health assessment, and planning. 42 We hypothesized that other local-and state-level contextual variables (e.g., jurisdiction size, percentage of the population living in poverty) would be important predictors of EBDM because of their influence on LHD performance. We treated these contextual variables as control variables because they are less modifiable.
Methods
To test the hypotheses, we used cross-sectional data from the National Association of County and City Health Officials (NACCHO) 2010 Profile Study, 35 the Association of State and Territorial Health Officials 2010 Profile Survey, 43 and the 2010 Census of Population and Housing. 44 In 2010, all LHDs (n = 2565) were invited to complete the core survey of the NACCHO study, and a scientifically derived sample of these LHDs (n = 625) was invited to complete an extra set of questions (module 2) that included items pertaining to EBDM. Researchers at the University of Kentucky and Georgia Southern University combined these data into a single harmonized data set. 45 Our analyses used data from 516 LHDs that completed module 2 (82.6% of those LHDs invited to complete module 2, representing 20.1% of all LHDs in the country). The LHDs were from 47 states and Washington, DC (Hawaii and Rhode Island do not have LHDs, and no LHDs in Nevada completed module 2). The total number of LHDs per state that completed module 2 ranged from 1 to 25 (median = 10 LHDs per state).
Outcome Variable
We operationalized EBPH as EBDM for population health, and we created an index consisting of items that captured different aspects of EBDM. 7 We did not use a scale because EBDM is not a latent construct causing LHDs to engage in specific activities. 46 Instead, EBDM is defined by the specific activities in which LHDs engage. We selected items for this index on the basis of the literature and feedback from an expert advisory panel of what constitutes EBPH practices. The expert advisory panel (n = 14) consisted of EBPH researchers, state and local public health officials, and representatives of national public health organizations (NACCHO, Association of State and Territorial Health Officials, Public Health Foundation, National Network of Public Health Institutes, Centers for Disease Control and Prevention staff for the Task Force for Community Preventive Services). Interviews elicited from the experts (1) how they define evidence, (2) how they define EBPH, and (3) what LHDs do that would suggest they are using EBPH practices.
On the basis of the Brownson et al. 7 definition and the responses of the expert panel members, we selected items from the NACCHO Profile Survey 47 that indicated whether the LHD was engaged in EBDM. We established content validity by having 10 experts rate the items on a 5-point scale ranging from "not important/does not reflect evidence-based decision making" to "critical to evidence-based decision making." All items were rated as "important," "very important," or "critical" to EBDM. Scores for the resulting EBDM index could range from 0 to 7, reflecting the number of different EBDM practices reported by a LHD (see Table 1 for scoring).
Predictor Variables

Contextual variables
We included predictor and control contextual variables in all models. At the LHD level, we included the presence of a local board of health (predictor), the 2010 population size (in 100 000s), and the percentages of the population that (1) were living in poverty, (2) were aged younger than 18 years, (3) did not identify as White, and (4) had either a college or graduate degree. At the state level, we included state-local governance relationship (predictor), 2010 population size (in millions), and percentage of the state population living in poverty.
Resources
Predictor variables based on the resources available to the LHD included the total expenditures per 1000 population for the most recently completed fiscal year and revenues per 1000 population from (1) local sources (i.e., city, township, or town and county sources), (2) Medicaid, and (3) Medicare. Because large percentages of data on expenditure and revenue variables were missing, we divided these variables into tertiles and included a fourth "not reported" category to keep as many LHDs in the analysis as possible. We also included an indicator of whether the LHD's budget for the 2010 fiscal year had decreased from the previous fiscal year. Continuous , and type of degree (whether the top executive held a public health degree, a medical degree, or a nursing degree). Additional measures assessed LHDs' employment of staff assigned to specific roles or positions that often include tasks key to EBDM (≥ 1 epidemiologists, health educators, nutritionists, or emergency preparedness staff) and attendance by anyone in the LHD at health impact assessment training in the past year. The total number of current LHD employees (full time, part time, and contractual) per 1000 jurisdiction population was a continuous predictor.
Statistical Analyses
We used 2-level multilevel regression models to account for the hierarchical structure of the data. We modeled information about the 516 LHDs at level 1 and information about the 47 states at level 2. Each model included a random intercept for each state. All analyses incorporated statistical weights to account for sampling of LHDs that completed the module 2 supplemental survey and for variation in nonresponses as a function of LHD size (LHDs that served larger populations were more likely to respond to the profile survey than LHDs that served smaller populations). We conducted analyses in 2013 using MPlus 7.0 software (Muthén & Muthén, Los Angeles, CA).48 EBDM is a count variable, so we modeled it using a Poisson distribution.
Results
As Table 1 shows, we found considerable variation in the percentage of LHDs that used each of the practices making up the EBDM index. Overall, 2.3% of LHDs reported using no EBDM practices; 31% used 1 to 2; 55.8% used 3 to 5; and 10.9% used 6 to 7.
Before adding any predictor variables, we tested an empty model with EBDM as the outcome to calculate the intraclass correlation, which was 0.30, indicating that 30% of the variance in EBDM was between states. In the resources model, LHDs in the middle tertile for expenditures used significantly more EBDM practices than LHDs in the bottom tertile ( Table 2 ). LHDs in the top tertile also tended to use more EBDM practices than LHDs in the bottom tertile, but the difference was not significant (P = .06). LHDs that had experienced a budget cut from the previous year used more EBDM practices than those whose budget had stayed the same, had increased, or was unknown, and LHDs that provided a larger number of clinical services used more EBDM practices. None of the other predictor variables were statistically significant.
In the workforce model, we found 6 significant predictors of using EBDM practices ( Table 3 ). LHDs that had a top executive with a public health degree; LHDs that employed epidemiologists, health educators, and emergency preparedness staff; LHDs in which the staff had participated in a training session for health impact assessments in the past year; and LHDs with more employees all used significantly more EBDM practices than other LHDs (Table 3 ).
Across models, LHDs located in states that had a centralized public health governance structure used significantly fewer EBDM practices than those in states with a decentralized governance. By contrast, LHDs that served larger populations and LHDs for which a smaller percentage of the population was younger than 18 years used more EBDM practices. 
Discussion
The study findings suggest several directions for future research and practice. First, the low use of certain strategies is striking, particularly the application of research findings (only 25.7% of LHDs) and the use of the Guide to Community Preventive Services 4 (only 22.3%). A majority of LHDs (60.9%) reported the completion of a community health assessment, but only 49.5% then participated in community health improvement planning. Because all these strategies are considered key to EBDM for population health improvement, 4,5,7,8,10,15,49-52 researchers should pursue why some strategies get little use and what is needed to enhance uptake. Also, continuing to explore the contribution of specific EBDM practices to LHD performance and community health will be important.
Second, leadership of the LHD, as measured by the executive's academic degree, was significantly related to the number of EBDM practices used. Our finding that LHDs led by executives with public health degrees used more EBDM practices than other LHDs stands in contrast with other studies that have found a negative association between having a public health degreed director and LHD performance. 27, 28 The difference in findings may reflect different outcome measures (performance on essential public health services vs EBDM) or a change in practice since 2004. In this study, having a medical or nursing degree did not predict the use of EBDM practices. Bekemeier and Jones 29 found that nurse-led LHDs used a greater breadth of population-focused primary prevention activities than did non-nurse-led LHDs, but they were less likely to conduct community health assessment and planning (2 of the practices in our EBDM measure). Their study also did not investigate the unique impact of the director having a public health degree. In our research, only 25% of the nurse executives had bachelor's degrees or higher; they would be less likely than were those with BSN degrees to have formal training in community-based prevention. 53 Directors with public health training may be more engaged in providing the needed leadership for EBDM-particularly around population health issues-an important driver of EBDM identified in several studies. 16 Although director tenure has been associated with performance on the essential public health services, it was not associated with the number of EBDM practices. This finding may reflect the diversity of education and training among LHD executives or the relatively recent focus on EBDM in public health practice and training programs.
Third, beyond characteristics of the executive, employing other key LHD staff was also important. LHDs that employed people in the roles of epidemiologist, health educator, or preparedness coordinator used more EBDM practices. However, in this study, only 34% of LHDs employed epidemiologists, mirroring a national shortage of epidemiologists 32, 33, 54, 55 ; 67% and 84% of LHDs, respectively, employed health educators and preparedness coordinators. Together, these positions are assigned activities that correspond to critical EBDM practices in our index as well as to core health education and epidemiology competencies. 34, 56 It is not clear, though, if the people in these roles held degrees and qualifications that matched the job descriptions. For example, the epidemiologists employed by LHDs may have completed a BS or MPH in epidemiology, a short course, on-the-job training, or none of these. Even if degreed health educators fill health education positions, some training programs focus on individual-level change, in keeping with a patient education role, and others focus on changing programs, systems, and policies. In future research, it will be important to explore the qualifications, skills, and importance of personnel in these key positions as well as the most effective level and mix of staffing for public health service delivery. 57 One reason that staff member attendance at health impact assessment training may have been positively associated with the number of EBDM practices used is that these LHDs may have a culture focused on innovation and the use of evidence, including moving toward the use of health impact assessments. LHDs with a larger per capita workforce may have been able to hire personnel who had skills tailored to these roles or had more time for EBDM. Notably, there were more workforce than resource predictors, suggesting that how resources are used is critical.
Fourth, the results from the resources model suggest that spending more money (i.e., being in the top or middle tertile of expenditures) may confer several advantages to LHDs, including higher salaries for more qualified or experienced personnel, advanced technological resources and personnel with data analysis expertise, and less conflict between population and clinical services. LHDs with fewer resources may concentrate on necessary and expected clinical services rather than engage in EBDM processes that could lead to programs that would be too costly to support. The results also indicate that losing funding may stimulate LHDs to use more EBDM practices with the remaining resources. Losing employees through layoffs or attrition was not associated with the number of EBDM practices used, possibly because some LHDs that lost personnel became more strategic in how they used their resources. In the resources model, EBDM was positively associated with the breadth of clinical services, suggesting that there is not necessarily a trade-off between these. Because the NACCHO data do not allow tracking expenditures to specific public health activities, the possibilities we suggest should be viewed with caution. The large percentage of missing resource data may have obscured some relationships. Further study is needed to examine specifically how resources are used to improve the public's health and which services may be reduced or eliminated when resources become more restricted. To do this, it will be necessary to institute financial accounting systems that support overall financial and program management (i.e., that clarify linkages among resources, processes, outputs, and outcomes). 58 These systems will enable the development of cost measures that enable researchers and practitioners to accurately track what time, personnel, and money are needed for specific LHD activities and programs.
Fifth, although Brownson et al. 40 found that LHDs with centralized state governance scored higher on administrative evidence-based practices than those with local governance, we found that LHDs in states with decentralized control of LHDs used more EBDM practices than those in centralized states. These differing results, however, may reflect differences in measurement because the Brownson measure encompassed a wider breadth of practices and the perceived value and access to EBDM skills, but not the use of them. 11, 13 This measure also included some practices that may have easily resulted from statewide training, such as quality improvement initiatives. Taken together, studies suggest that some types of LHD performance may be handled better in decentralized states, 55 some in mixed or shared states, 21, 59 and some in centralized states. 38, 39 In terms of EBDM, it is possible that local autonomy could outweigh the effects of professionalism and standards, brought by state governance, by stimulating innovation and experimentation or by fostering an attention to local needs. 42 Mays and Smith 60 found that LHDs in decentralized, compared with centralized, states spent an average of 25% more per capita. Together, these findings suggest that LHDs may invest more in public health when they have the autonomy and local support to do so, whether through spending measures or through the use of EBDM practices that focus on the local jurisdiction. By contrast, with the evidence suggesting that decentralization is important for EBDM, the presence of local oversight in the form of a local board of health did not lead to more EBDM practices, even when testing for different types of board responsibilities (e.g., hiring or firing the director). It is likely that even boards with policymaking authority vary in their oversight and activism, and this difference could mask any associations. 41 Sixth, our findings regarding jurisdiction size were consistent with those of other studies that have also found jurisdiction size to be 1 of the strongest predictors of LHD performance. 21, 38, 39, [61] [62] [63] [64] [65] [66] Jurisdiction size may be related to access to in-kind resources such as the availability of expertise from universities and hospitals. Hyde and Shortell 67 noted that the inefficiencies resulting from small LHDs have resulted in calls for consolidation since the mid1940s, but research to suggest the effectiveness of this strategy is still limited.
An implication from this study is that LHDs should be encouraged to be strategic in their hiring and training processes and consider hiring directors with a public health degree as well as epidemiologists and health educators. With expected retirements in the governmental public health system, there may be opportunities for LHDs to make these strategic hires. 25, 68 Changes in hiring policy and requirements could be promoted through communication with governing officials (e.g., state officials, legislators, board of health members, county commissioners), addressing the public health system's focus on population health and the importance of requiring hires to hold appropriate degrees and training for EBDM. It is also important to ensure that public health schools and programs provide a pipeline of workers for employment in governmental health and that funding enables LHDs to recruit these workers. 68 Much of the current public health workforce does not have public health training, 24 and many LHDs do not have the occupational roles that we found to be important for EBDM; however, other resources exist for LHDs. EBDM training courses and tools have been developed and disseminated, 4, 6, 11, 15, 36, 69 and new research is emerging on the use of evidence-based administrative practices. 40, 70 LHD personnel could be trained to use county health rankings to inform their planning efforts as well as deidentified patient record or service data from local hospitals or agencies. State centers for health statistics may also provide local or regional data. Training efforts could promote the use of the community guide and the application of research to organizational and community practices. Together, these efforts may increase awareness of EBPH and EBDM as important areas of competency needed for LHD performance. Taking advantage of these resources is needed but not sufficient in the translation and dissemination process. Harris's 71 research on networks among LHDs suggests that a state-by-state strategy might be most effective in disseminating and implementing evidence-based strategies. Dissemination would best be facilitated through LHDs with similar staffing and funding levels, and implementation might be enhanced through partnerships with the LHDs in the largest jurisdictions. Practice-based research networks are another effective mechanism for facilitating research translation in practice. 72 Finally, policymakers could influence the use of EBDM for population health by requiring it as a condition of funding, an important lever identified in at least 1 EBDM study. 16 LHDs in smaller jurisdictions face more challenges. LHDs could develop resource-sharing agreements through which specialized personnel (e.g., epidemiologists) could serve several LHDs, or LHDs could obtain access to hospital epidemiologists. Institutional or individual affiliations with academic institutions may also enhance LHDs' access to EBDM skills, resources, and personnel. 73 
Limitations
This study had a number of limitations. The cross-sectional data did not allow us to determine the temporal order of relationships or test causal relationships between our independent and dependent variables. For example, it is possible that LHDs using more EBDM practices see the need for and hire the specific personnel identified in our study rather than the reverse. The secondary data set limited the extent to which we could explore every predictor of public health system performance. For example, we could not assess factors such as access to academic institutions through appointments or other affiliations, 74 legally mandated services, or categorical funding, which have been identified as affecting LHDs' ability to use EBDM. 41, 73 The data were self-reported and not independently verified. In some cases, particularly in large LHDs, the person who completed the survey may not have known about all LHD activities. Thus, the extent to which LHDs practice EBDM might have been underestimated. Finally, to test linkages between EBDM and practice outcomes, more detail is needed on LHDs' use and adaptation of evidence-based population health interventions, such as those promoted by the community guide. 51 Our outcome measure also had limitations. The survey questions we used only addressed the front end of EBDM because the data set did not include items on the use of interventions, evaluation, and dissemination. 35 Thus, our measure could only capture capacity for making decisions about evidence-based interventions. Moreover, no questions addressed the frequency or quality of LHDs' activities because the NACCHO profile survey only asked LHDs to report whether they performed the activities making up the outcome variable. Thus, LHDs that reported similar EBDM use may have varied in their actual use of these practices. A more informative measure would assess the quantity (or extent) of a practice as well as the quality of the practice. Also, our measure of EBDM weighted all activities except epidemiology and surveillance equally; however, it is possible that some activities are more important indicators of EBDM, and the EBDM practices most needed in any LHD may vary considerably depending on available resources and the context of the local community. Finally, this study did not determine whether combinations of EBDM practices were more important than others.
Conclusions
Despite its limitations, our research contributes to the literature on how to assess LHDs' use of EBDM practices. Using data from routinely available data sets, we developed an EBDM measure focused on population health practices and identified the extent to which a nationally representative sample of LHDs use EBDM practices. Moreover, we identified modifiable factors at state and local levels that promote the use of these practices. Thus, this research also provides a basis for future studies on the linkages among EBDM, EBPH interventions, and improvement of the public's health. Finally, our measure of EBDM requires further validation, as well as testing of its association with the use of evidence-based programs and various population health outcomes. Nevertheless, this study has important practical and policy implications because it clearly highlights the underutilization of EBDM practices in LHDs.
